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Abstract 
 
We report on the preparation and characterization of Bi2Sr2CaCu2O8+d (Bi2212) thin films. These films on SrTiO3 substrates were 
fabricated by the metal-organic decomposition method and annealing at a temperature between 810~850°C. On the basis of the 
analysis for the fluctuation conductivity  above  , we characterize properties of Bi2212 films by taking account of overall 
theoretical  terms and momentum cutoff effects. In the analysis we estimate, as a function of , the fluctuation parameters, 
among which anisotropy and depairing parameters are found to be correlated with . 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
 
Among variety methods for fabricating thin films, there has been much interest in the spin-coated metal-organic 
deposition (MOD) because of its simplicity and reproducibility. In the case of high-  superconductors (HTSC), this 
method may also be attractive as a reliable thin film technology [1,2] in the application field of superconducting 
electronics such as Josephson devices. However, not so many research reports have been available on the MOD-
deposited HTSC films, compared to those on films fabricated by other methods, such as the sputtering and pulsed laser 
deposition. Since superconducting properties of HTSC depend sensitively upon the conditions of the film preparation, 
it must be necessary to characterize HTSC films from various points of view.  
Due to the extremely short coherence length, the fluctuation conductivity  above  is remarkably observable in 
a series of HTSC materials, and consequently the  analysis can provide important insights into the superconducting 
properties, such as, the conduction dimensionality, the coherence length and anisotropy [3]. We have reported sample 
characterization on the basis of the  analyses for HTSC films and bulk systems, demonstrating that the 
considerations of overall contributions to the theoretical  terms as well as the spectral cutoff effects are important to 
better describe experimental results [4]. In this study, we report on experimental results for the preparation of 
Bi2Sr2CaCu2O8+d (Bi2212) thin films by the MOD method. The films are characterized in a viewpoint of the  
analysis by considering the overall  terms as well as short-wavelength fluctuations.  Discussion is made on relations 
among  and fitting parameters in the  analysis. 
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                (a)        (b) 
Fig. 1 (a) XRD data of samples S810A and S830A. Black and red parentheses show Miller indices of the Bi2212 films 
and SrTiO3 substrates, respectively. (b) Behaviour of (T) in these samples together with the n(T) lines. The inset 
exhibits  vs.  relation where the sample No. is written and the vertical bar indicates the transition width. 
 
2. Experimental 
  
Bi2212 thin films were prepared by the MOD method in a manner as described below [1]. A volume amount of 
6  of stoichiometric Bi2212 MO solution (purchased from Kojundo Chemical Lab. Co., Ltd.)  was supplied  onto 
SrTiO3 (001) substrate (10×10×1 mm3)  and spincoated by the 2-step process, using 1000 rpm for 5 s in the first step 
and 3000 rpm for 60 s in the second one. After the spincoating, the films were dried in a thermostat chamber at 120°C 
for 40 min. In order to complete the sample preparation, the films (40 nm thick) were annealed in a box furnace at a 
temperature  between 810°C and 850°C for 2 h in the O2 atmosphere. We have prepared a total of 5 films, labelled 
as S810A, S820A, S820B, S830A and S850A. In each film label, the number indicates the  values and A and B 
exhibit the anneal processes; the annealing was started (A) at temperature  directly and (B) from room temperature.  
Measurements on x-ray diffraction (XRD) were carried out to investigate the crystallinity of samples. Typical data 
on the XRD are displayed in Fig. 1 (a). Black and red parentheses show Miller indices of Bi2212 films and SrTiO3 
substrates, respectively. We confirmed that c-axis oriented films were obtained in all of our samples. A resistivity  vs. 
temperature T property (T) was measured by using the dc four-terminal method in a cryostat in the temperature range 
in the region between 30K and room temperature with a Pt resistor sensor as a thermometer [4,5]. Examples of (T) 
curves are displayed in Fig. 1 (b). There exist very small structures in the (T) curves at around T=110K corresponding 
to  of the Bi2Sr2Ca2Cu3O10+d (Bi2223) phase though no appreciable evidence was observed in the XRD data. The 
solid line shows a linear normal-state resistivity n(T). It is well known that the normal-state resistivity n(T) in HTSC 
follows a T-linear relation: 
 (1) 
where the A is a constant and n(0) is the resistivity at T=0. These constants were determined by the least squared fits 
to the data between +50K and +150K.  In this study,  is defined as a temperature at which the derivative of (T) 
becomes maximal. 
The inset of Fig. 1 (b) displays the  dependence of   in our samples. The films with =850°C exhibited the 
double transition, which results in the two peaks in the d (T)/dT behaviour. The vertical bar indicates the transition 
width corresponding to the two  plots at =850°C. The upper  lies around 95K, therefore indicating the existence 
of the 2223 phase in the film. With decreasing  from 850°C, the films no longer show the double transition and the 
 values increase, tending to be saturated around 810 820°C. A point of interest is that  depends on the starting 
temperature of the annealing in either the process (A) or (B). The film with the better quality can be attained in the 
process (A) than in (B), which has also been applicable to our transparent-conductive films of In-Sn oxide. Although 
its reason is not well understood, the gradual annealing process (B) before reaching  may cause detrimental effects 
on the film. 
 
3. Analysis and discussion 
 
Since  is regarded as the excess conductivity attributed to partially induced superconductive regions in a system 
above , we defined (T)= (T)- n(T) where (T) is the measured conductivity and n(T)=[ n(T)]-1 is the normal-state 
conductivity. In this study, we adopt the normalized fluctuation conductivity 0 with the conductivity 0=1/ 300 
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(a)                                                                    (b) 
Fig. 2 (a) Bi-logarithmic plots of ( )/ 0 vs.  for the film S810A. The solid line and broken line show the 2D AL 
term and 3D AL term, respectively. The inset displays r vs.  relation. (b) The same as Fig. 2 (a) but with analysis by 
Eq. (5). The solid line exhibits  analysis in term of Eq. (5). The inset displays  vs.  relation.  
 
at room temperature, so as to minimize the uncertainty of the sample configuration. The normalized  can be 
expressed as  
 (2) 
where R and Rn are the sample resistance corresponding to  and n.  According to the Aslamazov-Larkin (AL) theory, 
theoretical formulae for ( ) in 2D and 3D systems are expressed, as a function of the reduce temperature =ln(T/ ), 
as [6,7] 
 (3) 
respectively. Here  (n=2 or 3) is the normalized fluctuation amplitude given by  and 
 with the film thickness d and the coherence length . 
As in the most of  studies, we employ the bi-logarithmic representation for the / 0 vs.  plots, which allows us 
to evaluate  values. By adjusting these values, we carry out theoretical fittings to experiments by 2D and 3D AL 
terms. An example of the results is displayed in Fig. 2 (a), where the solid and broken lines represent 2D and 3D fits, 
respectively. We can clearly see the 2D-3D dimensional crossover which in a characteristic of HTSC materials, in 
agreement with the prediction from the Lawrence-Doniach (LD) theory [8] for a layered structure system. The 
crossover point ln( ) in the ln  axis can be derived, from Eq. (3), to give [5] 
 (4) 
where we have identified  to be the c-axis coherence length  as expected in an anisotropic 3D system [9]. It is 
recognized that the LD parameter r provides a measure of the anisotropy in a view of the fluctuation, the smaller r 
reduces to the larger anisotropy. 
The inset of Fig. 2 (a) shows the r vs.  relation, indicating that r is increased with reducing . It is desirable that 
the c(0) is smaller because the 2D-conduction is principal in high-  cuprates having layered structures. Thus as 
regards Eq. (3), a smaller r is desirable for the better film quality in Bi2212 thin films. Combining the results shown in 
the insets of Figs. 1 (b) and 2 (a), we obtain a reasonable correlation between  and r. 
As mentioned above, a small trace of the Bi2223 phase could be seen for our (T) data in Fig. 1(b), and one might 
wonder if even small amounts of the Bi2223 phase could bring about significant influence on the ) experiments in 
Fig. 2. This is not the case in our study because the almost disappears just above the  value corresponding to T=110 
K indicated by the arrow in Fig. 2 (a). Moreover, the present results for ) are in quantitative agreement with those 
reported on a high-quality single crystal of Bi2212 [10]. In addition, the value of r is also similar (r=0.17 for S810A 
while 0.15 for the pure single crystals in Ref.[10]). Therefore, we conclude that the Bi2223 phase provides little 
influence on our ) results. 
Next, we analyze the ( ) data by the overall contributions to  from the sum of AL term, Maki-Thompson (MT) 
term and density-of-states (DOS) term. These original equations take into account neither the momentum cutoff nor 
the energy cutoff, therefore providing the overestimate in  values. We have calculated overall  terms by extending 
the original AL, MT and DOS terms to the short-wavelength fluctuation regime and obtained the following formulae 
[11]: 
 (5) 
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In this formula, each term takes the following form in a layered (LD) system: 
 (6) 
 (7) 
 (8) 
where  is cutoff parameter, and we define a function . The fluctuation amplitudes in 
these Eq. are expressed as ,  and , respectively, s is the interlayer 
distance,  is the pair-breaking parameter and K is a parameter related to the scattering time of the conduction 
electrons. 
We illustrate in Fig. 2 (b) results for the ) data in a film (S810A) analyzed in terms of Eq. (4) with Eqs. (5)-(7) 
In this type of the analysis, we have to choose appropriate values of three more fitting parameters , K and  in 
addition to CF and r in the previous AL (LD) analysis. These parameters values were determined along a similar way 
as in our previous studies [4] (see also Refs. [5] and [11]). A good agreement between theory and experiment is seen 
to be achieved almost the whole temperature region investigated. The data in all of our films but with S850A were 
analyzed in the same way. As far as we investigate relations of  values with resultant parameter in a series of the 
analyses,  is found to be well correlated with . The result is displayed in the inset of Fig. 2 (b), indicating that the  
values in all the films, interestingly including S820B, are decreased with increasing . This feature is rather 
reasonable since  represents a magnitude of the suppression in superconductivity owing to the decoupling of Cooper 
pairs. It may be anticipate that the pair-breaking effects in our films are originated from non-magnetic impurities or 
lattice defects due possibly to the d-wave pairing character of the superconducting mechanism under which non-
magnetic impurities could act as pair breakers [12]. 
 
4. Conclusion 
 
Thin films of Bi2212 were prepared by the MOD method followed by the postannealing at temperature . We 
confirmed by XRD that c-axis oriented films were obtained in all of our samples. We performed in detail 
measurements of (T), from which  and  were obtained. The  values just above 80K were obtained for 
. At first, in terms of the 2D and 3D AL theories, the  data have been analyzed to estimate the anisotropy 
r. Then, more exact analysis has been made on the basis of overall  terms with the momentum cutoff effects, 
providing the magnitude of the depairing . Resultant values of r and  are found to be correlated with , which could 
lend support to characterize the sample quality. 
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